X-linked ichthyosis (XLI) is often associated with a recurrent microdeletion at Xp22.31 due to non-allelic homologous recombination between the CRI-S232 low-copy repeat regions flanking the STS gene. The clinical features of these patients may include mental retardation (MR) and the VCX-A gene has been proposed as the candidate MR gene. Analysis of DNA from four XLI patients with MR by array-comparative genomic hybridization (array-CGH) on a 150 kb resolution X chromosome-specific array revealed a 1.5 Mb interstitial microdeletion with breakpoints in the CRI-S232 repeat sequences, each of which harbors a VCX gene. We demonstrate that the recombination sites in all four cases are situated in the 1 kb repeat unit 2 region present at the 3 0 ends of the VCX-A and VCX-B genes thereby deleting VCX-A and VCX-B1 but not VCX-B and VCX-C. Array-CGH with DNA of an XLI patient with MR and an inherited t(X;Y)(p22.31;q11.2) showed an Xpter deletion of 8.0 Mb resulting in the deletion of all four VCX genes and duplication of both VCY homologs. These data confirm the role of VCX-A in the occurrence of MR in XLI patients. Moreover, we propose a VCX/Y teamworkdependent mechanism for the incidence of mental impairment in XLI patients.
INTRODUCTION
X-linked ichthyosis (XLI) (OMIM 308100), with an estimated prevalence of one in 6000, is a genetic disorder affecting the skin and is caused by a deficit in the steroid sulfatase (STS ) enzyme (reviewed in 1). About 90% of patients with ichthyosis miss the entire STS gene but the extent of the deletion can vary (2 -4) . Most of these STS deletion patients have XLI as the only clinical feature and it is believed that patients with more complex disorders, including MR, are the result of contiguous gene deletions caused by interstitial or terminal deletions (5, 6) . In many cases, a recurrent 1.5 Mb interstitial deletion has been identified in XLI patients with and without mental retardation (MR). It was suggested that this deletion is caused by unequal crossing-over between the highly conserved CRI-S232 repeat regions flanking the STS gene, each of which contains a VCX (Variable Charge X) gene (5, 7) . However, until now, the exact recombination sites have not been investigated.
The causative MR gene in XLI patients is not yet identified. The MR locus was initially mapped to a 3 Mb genomic interval between DXS31 (4.21 Mb) and STS (7.05 Mb) (3) . Deletion mapping studies in patients with and without cognitive deficits proposed the VCX-A gene as the candidate MR gene at Xp22.31 (4) . These authors demonstrated that, in contrast to four XLI patients with MR, the VCX-A was retained in patients with normal intelligence, whereas no correlation could be found for the other VCX genes. However, in the patients with MR, a much larger deletion was present comprising also the neuroligin 4 (NLGN4 ) gene (5.80 Mb), which was recently associated with autism (8) and reduced cognitive development (9) .
In the present study, we fine-mapped the exact recombination site in four unrelated XLI patients with MR. In all four # The Author 2005. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oupjournals.org patients, the 1 kb repeat unit 2 (RU2) regions of VCX-A and VCX-B were identified as the recombination sites thereby deleting the VCX-A gene but not VCX-B. These data support the VCX-A as the candidate MR gene hypothesis (4) . However, Xp terminal deletions including VCX-A were reported in normal intelligent male patients with t(X;Y)(p22.31;q11.2) (10, 11) and breakpoints near the VCX-B gene. We next defined the breakpoints in our XLI patient with MR and t(X;Y)(p22.31;q11.2) and demonstrated an Xp terminal deletion including VCX-A, VCX-B1, VCX-B and VCX-C. Therefore, we suggest a VCX/Y gene dosage dependent mechanism for normal cognitive development rather than a single VCX MR candidate gene hypothesis, as proposed by Fukami et al. (4) .
RESULTS

Array-CGH on patient samples
Four patients with ichthyosis and MR were selected for analysis by array-comparative genomic hybridization (array-CGH) on our high-resolution X-array. In all eight hybridizations (including color-flip experiments), the same nine clones at Xp22.31 showed log 2 ratios of 21.45 + 0.50 in case the patient's material was labeled with Cy5, and 1.20 +0.44 when the patient's DNA was labeled with Cy3. Graphs are shown for case 2 ( Fig. 1A and B) and case 4 ( Fig. 1C and  D) . The standard deviation (SD) of the ratios of the duplicates of unaffected clones as well as the overall SD of the ratios of all spots was always ,0.12. The mean log 2 ratios across the different hybridizations for the clones within the deletion are given in Table 1 and demonstrate the clone-dependent variability of the ratios. The most distal deleted clone was RP11-359O20 (6.30 Mb) and the most proximal one was RP11-527B14 (7.86 Mb). Both clones contain a CRI-S232 sequence, suggesting recombination between these known low-copy number repeat (LCR) regions.
Array-CGH with DNA of the t(X;Y)(p22.3;q11.2) patient revealed an Xp terminal deletion also with RP11-527B14 as the last deleted clone (Fig. 2A) . The average normalized log 2 ratio of deleted clones was 21.31 + 0.55. In the color-flip hybridization, the average normalized log 2 ratio was 1.23 + 0.55. Hybridization of the t(X;Y) probe on the full genome array revealed a duplication of the Yq arm (Fig. 2B) , starting from clone RP11-235I1 (15.2 Mb). These clones demonstrated an average normalized log 2 ratio of 0.79 + 0.18. These data map the Yq11.2 breakpoint between RP11-292P9 (arrow in Fig. 2B ) and RP11-235I1. The VCY-D gene (14.53 Mb) is located at the very end of RP11-292P9. Although no genomic clones from the 31 Mb Yq terminal part are present on the 1 Mb array, duplication of this part of the Yq arm was deduced from the presence of three signals from the subtelomeric PAR2 FISH probe (C8.2/1) in this patient (12) .
Defining the recombination sites in the four microdeletion patients
The homologous CRI-S232 sequences are located at either side of the STS gene (13) and recombination between these sequences is reported to account for the majority of STS deletions (5) . Each CRI-S232 contains a copy of a VCX/Y gene (7) of which the genomic structure is illustrated in Figure 3 . The position of the repeat unit 1 (RU1) and RU2 are shown. The exact recombination sites in the four patients were analyzed first with primer pairs at either side of the VCX-A and VCX-B genes, as we expected that these regions were involved in non-allelic homologous recombination (NAHR). In all four patients, PCR products were obtained for the primer pairs distal to VCX-A (VCXA-dis) and proximal to VCX-B (VCXB-prox) but not for the internal primer pairs VCXA-prox and VCXB-dis (Fig. 4A ). This demonstrated that recombination took place between the CRI-S232 LCRs that harbor the VCX-A and VCX-B genes. Next, we constructed primers sets at either side of the RU2 regions of VCX/Y genes. The RU2 region consists of a low-complexity repetitive sequence element (13) (Fig. 3) . First, amplification just downstream of the RU2 region was performed with the primer set RU2-rev. The PCR products were directly sequenced and discrimination between the different VCX genes was based on three gene-specific nucleotides (Fig. 4B) . In all patients, these nucleotides were unique for the VCX-A and VCX-C genes. This demonstrated that VCX-B was not present at this particular location and hence, the region just downstream of RU2 is derived from VCX-A. The RU1-for primers, which flank RU1, were then used to define the origin of the upstream part of the RU2 region. As these primers amplify all four VCX but not the two VCY genes, PCR products from different lengths were expected. In our patients, only two fragments were obtained. These were 163 and 463 bp for cases 1 and 4, 163 and 373 bp for case 2 and 163 and 523 bp for case 3, respectively (Fig. 4C) . PCR products were sequenced and revealed that the 163 bp fragment, present in all patients, was derived from the RU1 of VCX-B with two copies of the repeat motif. The other bands of 463, 373 and 523 bp in length match with the RU1 of VCX-C with 12, 9 and 14 motif copies, respectively. Although the sequence similarity of the repeat motifs of RU1 within and between VCX gene members is extremely high (7), discrimination of the longer PCR fragments (373 -523 bp) was evident from specific nucleotides outside the RU1 region. This result was confirmed by amplification with primers VCX-ex2 (Fig. 4D) , which also revealed VCX-B-and VCX-C-specific sequences (unpublished data). Taken together, our results demonstrate that recombination in all four patients took place between the primer sets RU2-rev of VCX-A and RU1-for of VCX-B (Fig. 4D) . Therefore, the 1 kb RU2 region served as the recombination site in these four XLI patients with MR. As the RU2 regions of VCX-A and VCX-B show . 95% identity, share the same genomic orientation and are situated 1.5 Mb apart, they are a likely hot-spot for NAHR with removal of the intermediate region resulting in the deletion of VCX-A, HDHD1A, STS and VCX-B1 but leaving the VCX-B gene intact.
As we identified different number of RU1 repeat motifs for the VCX-C gene in our patients, we checked its variability in the population. For this, 10 control males were analyzed with the primer set RU1-for (Fig. 5) . In controls 1, 2 and 9, four bands were obtained whereas all other cases had three bands. In these latter cases, one of the 'longer' bands was always more intense reflecting the presence of two different
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VCX genes with the same number of motifs. The 'longer' bands (283 -523 bp) represent VCX genes with six to 14 repeat motifs (VCX-A, -B1 and -C ). The 163 bp band corresponds to the VCX-B gene and was present in all individuals indicating that this gene always contains two repeat motifs.
Defining the recombination sites in the translocation patient
The t(X;Y)(p22.31;q11.2) patient was described previously and the breakpoints were initially mapped between DXS278 (8.06 Mb) and DXS7470 (8.30 Mb) on the X chromosome and between DYS391 (12.54 Mb) and DYS390 (15.71 Mb) on chromosome Y (12). We further investigated the Xp terminal deletion in the boy with the primer sets at either side of VCX-B (VCXB-dis and VCXB-prox) but did not detect any products indicating that the breakpoint is proximal to VCXB-prox. Next, we designed primer pairs at either side of VCX-C (VCXC-dis1 and VCXC-prox1) but again no products were obtained demonstrating that the VCX-C gene was also absent in this patient (Fig. 6A ). Indeed, we confirmed the deletion of all VCX genes with the RU1-for primer set. Sequence analysis of the weak product revealed this band as the VCY-derived product with only a single repeat motif. Marker DXS7470 was positive in this patient indicating that the Xp breakpoint did occur in a 50 kb region distal to DXS7470, which leaves KAL1 intact (Fig. 6A ). The Yq11.2 breakpoint was studied in the carrier mother of this patient.
On the basis of our 1 Mb full genome array-CGH data, PCR primer sets were designed proximal to VCY-D and analyzed on the mother's DNA (Fig. 6B ). Sequence analysis confirmed their identities. The absence of a PCR product with the VCY-prox2 primer set, but not with those of VCY-prox1 and DYS246, pinpointed the recombination site in a 70 kb region proximal to DYS246. Taken together, our data demonstrate that recombination occurred proximal to the VCX-C on the X chromosome and proximal to the VCY-D gene on the Y chromosome. Upon recombination, the Xpter part will be replaced by Yq11.2-qter. When this der(X) chromosome is transmitted to a male, all four VCX genes will be absent and both VCY genes will be present twice.
DISCUSSION
High-resolution X-array-CGH allowed us to detect an apparent similar 1.5 Mb microdeletion at Xp22.31 in four XLI patients with MR. Until now, fine-mapping of the breakpoints in XLI patients was never performed. Large-scale marker analysis in 22 Israelite and 80 Mexican XLI patients revealed the distal breakpoint of the recurrent microdeletion between DXS996 and DXS1139 and the proximal one between DXS1132 and DXS1134 (14, 15) . A similar result was obtained in a monozygotic male twin with XLI and MR (16) (summarized in Fig. 7A ). With our array, the deletion was found to span the genomic region from RP11-359O20 to RP11-527B14, which both harbor a CRI-S232 LCR sequence each containing a member of the VCX/Y gene family. This suggests that these LCRs are involved in the NAHR process as suggested previously (4, 5, 7) . The VCX/Y gene family consists of six known genes, four genes on Xp22.31 (Xpter- Fig. 7A and B, respectively). Originally, three neighboring genes were identified on X named VCX-2R, VCX-8R and VCX-10R, with the numbers referring to the number repeat motifs present in each gene (RU1 region) (7) . Later, these genes were renamed to VCX-B, VCX-A and VCX-B1, respectively, because of repeat number polymorphism in the population although VCX-B always has two repeat motifs in RU1. The VCX-C gene was described as the fourth member of this family on Xp22.31 (4) and also contains a variable number of motifs. Very recently, the names changed again to VCX3A (VCX-A ), VCX (VCX-B1 ), VCX2 (VCX-B ) and VCX3B (VCX-C ) but for the sake of uniformity in the literature, we have used the A -C numbering in this study. Both VCY genes (VCY-D and VCY-E ) are present at Yq11.2 within a 100 kb region. They have identical but oppositely oriented coding regions and always contain a single 30 bp repeat in their RU1 (7) . PCR and sequence analysis of the RU1 regions in our patients revealed the presence of the VCX-B (two repeats) and VCX-C (9 -14 repeats) genes only ( Fig. 4C) , whereas in control individuals the four VCX genes were amplified (Fig. 5) .
On the basis of gene-specific nucleotides, we demonstrated that the RU2 regions located at the 3 0 ends of the VCX-A and VCX-B genes served as recombination sites, thereby deleting VCX-A, HDHD1A, STS and VCX-B1 but not VCX-B or VCX-C (Fig. 7A) . The RU2 region consists of a variable number of repeat blocks between genes, and possibly between individuals. As the recombination occurred in all four patients, this region seems to be a hot-spot within the 10 kb CRI-S232 LCR. At least some of the recombination sites of LCR-mediated genomic disorders seem to have a positional preference (17, 18) .
XLI as part of a contiguous gene deletion syndrome at Xp22.31 is often associated with MR, leading to the hypothesis that an MR gene should be present within this deletion. In a genotype -phenotype correlation study aimed to map the Mb refers to the position on the X chromosome. SD for the four data points in both hybridization sets (reference DNA labeled with Cy5 versus patient DNA labeled with Cy3, and vice versa) are given next to the mean value. The deleted 1.5 Mb region is in italics. (3, 4, 19, 20) and in 2000, the group of Rappold proposed the VCX-A gene as the candidate MR gene based on PCR and sequence analysis of a 15 kb overlapping region in two XLI patients with normal intelligence. This region corresponds to the CRI-S232A homologous sequence in which only the VCX-A gene is located (4) . The breakpoints of the microdeletions at Xp22.31 in XLI patients are most often situated near the VCX-A and VCX-B genes (summarized in Fig. 7A ), which indicate recombination between directly oriented LCRs. The exact recombination sites, however, have not been studied until now. Combined data from the report of Fukami et al. (4) and this study suggest that depending on whether the VCX proximal or distal homologous sequences within the LCRs are used for recombination, the VCX-A or VCX-B gene, respectively, will be retained whereas the other one will be deleted. In addition, our data on XLI patients with MR who carry the recurrent 1.5 Mb microdeletion confirm the hypothesis that VCX-A might be the MR gene at Xp22.31. The size of the STS deletion present in the MR patients reported by Fukami et al. was much bigger (4) and includes the known MRX gene, NLGN4 (9). However, reports on XLI patients with a t(X;Y)(p22.3; q11.2) karyotype and normal intelligence argue against this hypothesis. Although Xp;Yq rearrangements are rare, in most patients with t(X;Y)(p22.3;q11.2), the Xp terminal region is replaced by the Yqter part resulting in an Xpter deletion and a Yqter duplication in males who inherit the derX chromosome. In two reports on t(X;Y) patients with ichthyosis and normal intelligence, the Xp breakpoint is situated proximal to the VCX-A gene, which is therefore deleted (10, 11) . Instead, the VCX-B and VCX-C genes seem to be preserved. As both patients do not suffer from mental disability 1) the VCX-A gene might not be the MR gene, 2) a high variability of the MR spectrum with VCX-A deletions might exist or 3) other members of the VCX/Y family might compensate for its absence. In our t(X;Y) XLI patient who suffers from MR, the breakpoint is situated proximal to VCX-C thereby deleting all four VCX loci. In addition, we could demonstrate the double copy number of almost the entire Yq arm including both VCY genes.
VCX/Y proteins share a very conserved N-terminal constant domain (103 amino acid), which is highly positively charged because of many basic residues. In contrast, the C-terminal variable domain, which harbors the RU1 region, contains many acidic amino acid residues and therefore, is highly negatively charged (7). This structure indicates that the acidic variable repeat unit domain might neutralize, to some extent, the first basic domain. Clearly, this extent of neutralization will depend on the number of repeat motifs within RU1 and will, for example, be higher in VCX-A than in VCX-B. So far, the function of the VCX/Y family is not known but because of their small size and high charge, they resemble chromatin-associated proteins, which is in agreement with its presumed nuclear localization (7) . It is tempting to speculate that the degree of protein activity or the binding strength of the constant basic domain to its target molecules will depend on the number of neutralizing repeat motifs. Then, the physiological outcome is the result of a combined action of all VCX/Y proteins. Instead of one gene being responsible for the MR phenotype, a dosage effect might exist for this group of genes, and the absence of one or more of these members during development might lead to cognitive deficits. This hypothesis would be an extension of the teamwork model proposed by Lahn and Page (7), in which the co-existence of VCX and VCY genes on the X and Y chromosome, respectively, is explained by the fact that various members of the VCX/Y protein family can complement each other in a particular function in spermatogenesis. In regard of our hypothesis, the clinical outcome might depend on the specific combination of preserved VCX/Y proteins. As they only differ in the number of repeat motifs in RU1, it might well be that the neutralizing capacity for the constant domain plays an important role here. In our patients with the interstitial 1.5 Mb deletion, the VCX-B, VCX-C and both VCY genes are preserved. Only the VCX-C RU1 domain has relatively high neutralizing capabilities. Instead, in the study of Fukami et al., two proteins with several repeat motifs are retained (VCX-A and -C). In the X/Y translocation patients without MR (10, 11) , the presence of VCX-B, VCX-C and two copies of each VCY might be sufficient whereas in our t(X/Y) patient who suffers from MR, duplication of the VCY genes might not be sufficient to compensate for the loss of 
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all four VCX genes. The complexity might even increase because of the polymorphic number of RU1 repeat motifs in VCX-A, -B1 and -C. In view of this hypothesis, the phenotypic variability in a recently described XLI family with the recurrent microdeletion at Xp22.31 can be explained (21) . These authors describe a family with several individuals affected with ichthyosis but only one was diagnosed with psychomotor delay and epilepsy. Marker analysis suggested that the VCX-A gene is deleted in the XLI/MR patient as well as his affected brother who has normal cognitive abilities (21) . Finally, expression of a particular VCX/Y combination might be required only at a specific time point in the developing brain. However, the expression of these genes seems to be restricted to male germ cells (7, 22) , which is difficult to align with a role in cognitive development. Detailed expression analysis in specific embryonic and adult brain structures is required. Our VCX/Y teamwork hypothesis has to be tested further by careful analysis of the recombination sites in STS deletion patients and by quantitation of the repeat motifs present in the RU1 regions of the remaining VCX/Y genes. Interestingly, this gene family arose quite late in evolution because it is only found in simian primates and not in mice or lower organisms (7), which might implicate a role in cognitive development.
In conclusion, high-resolution X-array-CGH was used to delineate the borders of the recurrent microdeletions in four unrelated XLI patients with MR. Fine-mapping of the recombination sites provided information on the underlying mechanism. Additional fine-mapping studies in other XLI patients will be required to allow useful genotype -phenotype correlation studies. Moreover, this will enable us to test the teamwork-dependent mechanism that might define the mental state in XLI microdeletion patients. Although this complex mechanism might compromise on an easy way to counsel families of XLI patients, absence of several VCX proteins with a high number of neutralizing repeat motifs can be regarded as a high risk factor for cognitive impairment.
MATERIALS AND METHODS
Clinical case description of STS deletion patients
Case 1 is a 1.5-year-old boy who presents with ichthyosis in the neck region and palmoplantar keratoderma since birth. This boy shows delayed psychomotor milestones. He is not able to walk yet and only speaks a few words. His mother, who also carries the deletion, is asymptomatic. Case 2 is a 29-year-old man presenting with ichthyosis since birth. He attended a special school because of MR and hyperactive behavior. On clinical examination, he shows a relative microcephaly (third centile) for normal height and a hypoplasia of the maxilla. His asymptomatic mother also carries the deletion. Case 3 is a 6-years-old boy of Peruvian origin who presented with ichthyosis from birth. He was referred because of hyperactive behavior and psychomotor retardation. Clinical examination is normal besides the ichthyosis, which is predominantly present on the legs and soles. His psychomotor development is moderately retarded with a total IQ of 54. The mother of the boy also carries the deletion but is asymptomatic. Case 4 was seen in an institution for persons with a mental handicap, at the age of 55 years. He presented with mild to moderate MR and ichthyosis on both legs. Further clinical examination was normal. In none of the four cases, other family members were available for analysis.
The clinical study and initial molecular analysis of case 5 and his mother were reported previously (12) . This patient was diagnosed with ichthyosis, developmental delay and facial dysmorphism, whereas his mother had borderline intelligence without other clinical characteristics. Both carry a translocation (X;Y)(p22.31;q11.2) with the Xp breakpoint mapped between DXS278 (7.96 Mb) and DXS7470 (8.30 Mb), and the Yq11.2 breakpoint between DYS391 (12.54 Mb) and DYS390 (15.71 Mb) (12) .
Array-CGH
The X chromosome-specific array consists of 1070 genomic (BAC, PAC, cosmid and fosmid) clones from the X chromosome and 60 clones from autosomal origin. Clones were obtained from the Children's Hospital Oakland Research Institute (CHORI; http://bacpac.chori.org/home.htm) and The Sanger Institute (http://www.sanger.ac.uk/cgi-bin/). From the set of X clones, 950 have a well-defined start and stop positions on X as can be found at http://www.ensembl.org/and http://genome.ucsc.edu/. For most of the remaining clones, a FISH-based position was available. For the determination of the breakpoint at the Y chromosome, we have used the 1 Mb full genome array that was prepared from the 1 Mb tiling path clone set obtained from The Sanger Institute (http://www.sanger.ac.uk/cgi-bin/teams/team38/CloneRequest/ CloneRequest) (23) that was previously described by us (24) . BAC and PAC DNA, isolated from 1 ml bacterial cultures was amplified by two rounds of DOP-PCR using an aminolinked primer in the second PCR (25) , and purified on Multiscreen purification plates (Millipore, Billericia, MA, USA). Purified amino-linked PCR products were spotted in duplicate at a concentration of 250 ng/ml on 3-D CodeLink Bioarray System slides (Amersham Biosciences, Uppsala, Sweden) with a Lucidea spotter (Amersham Biosciences). Genomic DNA was labeled with the Bioprime DNA Labeling System (Invitrogen, Carlsbad, CA, USA) using Cy3-and Cy5-labeled dCTP's (Amersham Biosciences) as described by the manufacturers. Probe concentration and labeling efficiencies were measured with the Nanodrop ND-1000 spectrophotometer (Nanodrop Technologies, Rockland, DE, USA). For each hybridization, 200 pmol of Cy5 and Cy3 probe each with a Cy-dCTP incorporation efficiency of at least 1%, was mixed with 100 mg Cot-1 DNA and except for some small modifications, probe preparation and pre-blocking of the slide was performed as described by Fiegler et al. (25) . The probe mixture was dissolved in 45 ml hybridization solution and applied to a pre-hybridized slide, covered with a coverslip and hybridized for 40 h in a humid chamber saturated with 20% formamide; 2 Â SSC. After post hybridization washes and drying, slides were scanned with the Agilent G2565BA MicroArray Scanner System (Agilent Inc., Palo Alto, CA, USA) and the images were analyzed using the ArrayVision software (Imaging Research Inc., Ontario, Canada). Spot intensities were corrected for local background and only those spots with signal intensities of Cy5 and Cy3 at least 2-fold above background were used for further analysis. For each clone, the Cy5 to Cy3 background-corrected signal intensity ratio was calculated. Data normalization was performed over the mean of the ratios of all spots because we only performed male/male hybridizations. Thresholds for genomic gains or losses are calculated as the mean + 3SD of the ratios of all clones included in the analysis. Hybridizations of samples with known genomic aberrations have been used previously to validate these cut-off criteria. Color-flip hybridization experiments were always conducted. All clones with aberrant ratios were sequence verified.
Validation by PCR and sequence analysis
Regular PCR was used to validate the extent of the deleted genomic regions. Primers were developed on the basis of the sequences of the BAC/PAC clones (NCBI) with the primer analysis tool of VectorNTi (Informax, North Bethesda, MD, USA). Subsequently, primers were subjected to BLAST analysis (http://www.ncbi.nih.gov/BLAST/) to define their potential cross-hybridization with the highly homologous members of the VCX/Y gene family. Finally, the primer sets were tested on control gDNA and the specific PCR products were directly sequenced. Primer names and sequences are shown in Table 2 . PCR was performed on 100 ng purified genomic DNA with 1.25 U Taq polymerase (Amersham Biosciences) in a final volume of 50 ml. PCR conditions were as follows: 5 min at 958C followed by 38 cycles which consist of 30 s at 958C, 1 min at 588C and 45 s at 728C. Finally, the reaction was kept at 728C for 7 min. PCR products were analyzed by agarose gel electrophoresis and visualized with EtBr. Sequencing was performed on a ABI-PRISM 3100 capillary sequencer with the Big dye terminator v3.1 cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) according to their instructions. Sequence analysis was done with the ContigExpress software of VectorNTi (Informax).
